The cephalosporins are a group of semisynthetic antibacterial agents that are chemically related to the penicillins (18). The nucleus of the cephalosporin molecule, 7-aminocephalosporanic acid, differs from that of the penicillins only in that the beta-lactam ring of the former is fused to a six-membered heterocyclic ring rather than a five-membered ring. The side chains at positions 3 and 7 of cephalosporanic acid are the major variables in the structures of the different cephalosporins. Their mode of action is essentially the same as that of the penicillins.
The cephalosporins are a group of semisynthetic antibacterial agents that are chemically related to the penicillins (18) . The nucleus of the cephalosporin molecule, 7-aminocephalosporanic acid, differs from that of the penicillins only in that the beta-lactam ring of the former is fused to a six-membered heterocyclic ring rather than a five-membered ring. The side chains at positions 3 and 7 of cephalosporanic acid are the major variables in the structures of the different cephalosporins. Their mode of action is essentially the same as that of the penicillins.
In spite of their structural resemblance to the penicillins, most, but not all, patients with a history of penicillin allergy can be treated safely with the cephalosporins (14) . Nevertheless, a number of adverse reactions have been reported. Rashes, urticaria, eosinophilia, and rare cases of neutropenia have been associated with the administration of these drugs to patients with or without a past history of penicillin allergy (1, 7, 11, 14) . Other side -effects associated with the use of cephalosporins include the frequent occurrence of a positive Coombs test in patients receiving high doses ofcephalothin (12, 15) . Also, Sanders et al. (13) have reported the development of a serum sickness-like syndrome in each of 30 individuals who received high doses of cephalothin or cephapirin for 2 to 4 weeks.
A proposed mechanism that seems to explain the positive Coombs reaction seen in cephalosporin-treated patients implicates the binding of the drug, or drug-protein complexes, to erythrocyte membranes (6, 7, 12) . This phenomenon might also relate to the serum sickness-like syndrome. An alternative hypothesis could be proposed in which some effect by the drugs on thymus-dependent (T) lymphocytes might be implicated. There is evidence from animal studies that the thymus and T lymphocytes serve a regulatory role, not only dictating the antigens to which the immune system will respond (5) , but also controlling the magnitude of the response (2) and perhaps even determining the classes of immunoglobulins to be synthesized (2, 3) . There has been considerable interest in recent years in the possible role of T-lymphocyte dysfunction in a variety of allergic and autoimmune diseases (10, 16) . The present study was initiated to screen cephalosporins for possible adverse effects on lymphocyte responses to stimulation with the plant mitogens phytohemagglutinin (PHA), concanavalin A (ConA), and pokeweed mitogen (PWM).
MATERIALS AND METHODS
Antimicrobial agents. The cephalosporins were obtained in powdered form from the manufacturers.
Cefamandole (lot S1-88-5A), cephalothin (17) . The isolated lymphocytes were washed, first in physiological saline and then in Eagle minimal essential medium containing 10% fetal calf serum. After the second washing, the cells were suspended in fresh minimal essential medium and counted under phase optics, trypan blue exclusion being used as an indicator of cell viability, and the suspension was diluted to 5 x 106 cells per ml in culture medium.
Lymphocyte cultures. Portions (1 ml each) of the lymphocyte suspensions were distributed into plastic culture tubes (Falcon Plastics, Oxnard, Calif.) and incubated at 37°C in 5% CO2 for 96 h. PHA-P (8.5 ug/ml; Difco Laboratories, Detroit, Mich.), ConA (3.0 pg/ml; Sigma Chemical Co., St. Louis, Mo.), or PWM (100 ug/ml; Difco) were used as the mitogen. The antimicrobial agents were diluted in 0.005 M barbital buffer. Both mitogens and antimicrobial agents were added to the cultures at the beginning of incubation. Liquid scintillaton counting. The cultures were killed at 96 h by the addition of 1.0 ml of cold 10% trichloroacetic acid. The precipitates were washed three times with 5% trichloroacetic acid, solubilized by the addition of0.5 ml of0.3 N NaOH, and incubated for 20 min at 37 to 45°C. Next, 0.5 ml of warm 20% trichloroacetic acid was added, and the loosely capped tubes were incubated at 88 to 90°C for 20 min. After cooling and centrifugation, 0.5 ml of supernatant from each tube was added to 10 
RESULTS
Lymphocyte responses to PHA. The effect of adding different cephalosporin concentrations to the culture medium on the lymphocyte response to PHA is indicated in Fig. 1 . Each point represents the mean of three replicate cultures, and all points on a given curve were obtained from a single experiment. Significant suppression of responses to this mitogen was seen in the cultures containing 50 jg of cephalothin (32% of controls), cephradine (24%), or cephalexin (15%) per ml. Cultures containing 100 lOg of any one of these three drugs per ml were suppressed to 5% or less of controls. Responses in cultures containing 100 ,ug of cephamandole, cephapirin, or 7-aminocephalosporanic acid per ml were reduced to less than 20% that of controls. Except for cefazolin, 200 ,ug of all drugs tested per ml reduced the PHA response to less than 16% that of controls. This level of cefazolin reduced the response to 44%. It is noteworthy that the greatest suppression was seen on the cultures containing cephalexin or cephradine, two compounds that are structurally very similar, since they are both methylated at the 3 position and differ from each other only in the number of double bonds in the six-membered ring at the 7 position.
When responses to PHA, in the presence of 50 ,ug of each of the cephalosporins per ml, were compared in a single experiment, the results shown in Fig. 2 Fig. 3 . Again, at all concentrations of these drugs, the greatest suppression was seen in cultures containing cephalexin or cephradine. Lymphocyte responses to PWM. Responses to PWM, in the presence of 50 ,ug of the different cephalosporins per ml, are shown in Fig. 2 . Results here were more variable than those seen with PHA or ConA but were consistent in that responses in the presence of cephalexin and cephradine were greatly depressed. Mechanism of action. The possibility that the cephalosporins might be inhibiting mitogenesis by binding to, or otherwise altering, cell membranes was explored by determining the possible effect ofpreincubating lymphocytes (for 30 min in the presence of 50 ug of drug) on their ability to form E rosettes with sheep erythrocytes. The data (Table 1) indicate that, of the drugs tested, cefoxitin and cephalothin both reduced the number of rosettes, whereas cephradine, cephalexin, and cefazolin had no effect. In a second experiment designed to answer the same question, it was found that preincubation of lymphocytes for 1 h at 37°C, in the presence of 50 ug of cephalothin, cephradine, cephalexin, or cefoxitin per ml, did not inhibit the mitogenic response when the cells were subsequently washed and cultured in antibiotic-free medium. When cephalosporins were added 24 h after the initiation of lymphocyte cultures, a similar but decreased level of suppression in the responses to all three mitogens was observed (Table 2) . DISCUSSION This study clearly demonstrates that cephalosporins can suppress in vitro lymphocyte responses to the mitogens PHA, ConA, and PWM.
That this effect may be due to direct killing seems unlikely, since cell viability studies, using the typan blue exclusion method, revealed that the drugs did not affect lymphocyte viability.
Also, observed differences in the degree of suppression by different cephalosporins cannot be related to differences in the stability of the drugs in cell culture, since cephalothin, a relatively unstable compound, and cephradine, one of the more stable cephalosporins (18), were both among the more suppressive agents.
Studies of lymphocyte responses to mitogenic substances have revealed several cellular requirements for cell activation (8) , and interference with any of these is sufficient to reduce the blastogenic response. Different plant mitogens react specifically with different glycopep- Activation of lymphocytes by both specific and nonspecific mitogens requires interaction between different cells, either direct interaction between lymphocytes or interactions involving macrophages, and also perhaps erythrocytes. Interference with cell aggregation by aking the cultures or addition of substances such as hyaluronic acid, which prevents cell aggregation, will inhibit the response (8) . The possibility exists Although one should be extremely cautious when attempting to attach any physiological significance to in vitro phenomena, it is tempting to speculate. Of particular interest is the possibility that, in patients manifesting allergic reactions to cephalosporins, the drugs may be acting selectively on T lymphocytes as potentiators of antibody production, particularly immunoglobulin E, against antigens of otherwise low immunogenicity, including self-antigens. There is evidence from animal studies to support such a hypothesis (2, 3, 5) , and there have been reports that atopy in humans may be associated with a defect in a subpopulation of T cells (6, 16) . It should be noted that the levels of cephalosporins used in this study are therapeutically attainable with many of these drugs. One approach to this problem might be an attempt at inducing the production of reaginic antibodies in mice to a protein antigen, e.g., ovalbumin, by maintaining high blood levels of cephalosporns. Also, the possible effects of cephalosporins on specific immune responses known to be mediated by T cells need to be explored.
These studies serve to call attention to the sensitivity of lymphocyte mitogenic responses to additives in the culture medium. Although several of the cephalosporins caused severe depression of the lymphocyte responses to mitogens, other antimicrobial agents such as penicillin, streptomycin (and other aminoglycosides), and even chloramphenicol were nonsuppressive (cf. 8) . This should be kept in mind when selecting antimicrobial agents for use in cell cultures. The possible relationship of the suppression of lymphocyte responses by cephalosporins to the high rate of serum sickness-like reactions in patients given high doses for prolonged periods merits further study.
